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Introduction

This was the first sitting of this examination for the new specification. The assessment
structure of Advanced Paper 2 is the same as that of Paper 1, consisting of ten multiple
choice questions and a number of short answer questions followed by longer, structured
guestions based on contexts of varying familiarity.

The paper introduced two new question styles. Questions 15 and 17(a) assessed the ability
to structure answers logically while questions 11, 18(a), 19(b)(iii), 20(b)(i) and 20(b)(iii) all
required a judgement with justification of the conclusion. Candidates generally responded
well to these, although the conclusions were not always made sufficiently explicit and so the
final mark was not always awarded.

The paper allowed candidates of all abilities to demonstrate their knowledge and
understanding of Physics by applying them to a range of contexts with differing levels of
familiarity. Less able candidates could complete calculations involving simple substitution
and limited rearrangement, including structured series of calculations, but could not always
tackle calculations involving several steps or other complications, such as converting years
to seconds. They also knew some significant points in explanations linked to standard
situations, such as polarisation or the photoelectric effect, but missed important details and
did not always set out their ideas in a logical sequence, sometimes just quoting as many key
points as they could remember without particular reference to the context.

Steady improvement was demonstrated in all of these areas through the range of increasing
ability and at the higher end all calculations were completed faultlessly and most points
were included in ordered explanations of the situations in the questions.

Questions 1 to 10 - Multiple choice:

Question Answer % correct | Most common incorrect choice
1 C 92 D
2 B 68 A
3 B 78 C
4 D 89 B/C
5 B 57 A
6 B 98 -
7 D 79 C
8 D 89 C
9 C 82 A
10 D 47 C

For the following questions, 11 to 20, the mark awarded to each candidate response is
shown at the end of the Examiner Comment box.
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Question 11

This was a straightforward question to follow the multiple choice section and presented
few difficulties to the students. There were several acceptable approaches, most candidates
calculating the time or comparing energy transfers.

This was a question requiring a conclusion and some candidates did not make a specific
statement, so they were not awarded the final mark. Perhaps because Kelvin is included

in the unit of specific heat capacity, some students converted some temperatures from
degrees Celsius to Kelvin and got incorrect results. Some used the mass in g rather than kg
and some used temperatures rather than temperature differences.

11 An electric iron rated at 2600 W contains a steel plate which is heated to a working
temperature of 215°C. Room temperature is 18°C.,

Deduce whether the plate could reach its working temperature in less than 1 minute.
mass of steel plate = 890 g

specific heat capacity of steel = 450Jkg"' K™
(3)

£ o 40 % 450 » (2818)
1% %4%.5 7

1560‘:0? “1‘!‘3‘(%’ 5’5

Q00 60 = 196,000.3. n Ll&r’lﬂ’ll"lu’"f

j ResultsPlus

Examiner Comments

This candidate has completed the
calculations correctly and made a clear
comparison between the two energy
values, but has drawn the wrong
conclusion. 2
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11 An electric iron rated at 2600 W contains a steel plate which is heated to a working

temperature of 215°C. Room temperature is 18°C.

Deduce whether the plate could reach its working temperature in less than 1 minute.

mass of steel plate = 890 g

specific heat capacity of steel = 450Jkg 'K’

AHE = mcae

= B90ox w2 x gs0x (915 --IE‘)

p- €
- E = IS .5
P “Beco
E=230.24

Examiner Comments

This answer includes fully correct
calculations but it does not include a
final statement saying that it will reach
the required temperature in under a
minute because it will only take 30 s. 2

(3)

us

A
@ ResultsP!

Examiner Tip

When you are asked to make a
judgement based on numerical
quantities, be sure to make a clear
comparison between them, stating the
relevant values in your answer.
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Question 12

The majority of candidates could apply the correct equations to the calculations in both
parts of this question, although errors along the way prevented some from reaching the
correct final answer. One problem was that some students did not abstract the required
information for each separate part. For part (a) they only needed to think of the force
between two masses and for part (b) they only needed to consider the force on a single
mass following a circular path, but many conflated these and ended up answering a
guestion about one body orbiting another stationary body, as if one of the black holes was
at Point C.

In part (a), candidates occasionally omitted the power of 2 after substituting or in their
calculations. Some halved the distance between the black holes, probably linked to the idea
of an orbit which was not required for this part of the question. The solar mass was not
always written out in the substitution and sometimes the masses used were simply 36 and
29. The unit N was sometimes not given, so the final mark could not be awarded.

In part (b), the final answer required depended on the answer for part (a). Candidates

who halved the distance in (a), getting a force four times too large, got an answer to part

(b) which was half the value in the mark scheme. A significant number did not simply use
the force from part (a), instead deriving an equation linking Newton'’s law of gravitation to
circular motion for an orbit about a central body, which is not the situation in the question.
Steps such as the cancellation of r, for example, were therefore not valid. Marks were still
awarded for use of the formulae in the mark scheme. Some candidates did not seem to find
it odd when they obtained answers of a thousandth of a second for an orbit.

12 The diagram shows two black holes, A and B, orbiting each other.

Assume that the centre of mass C of the system is the centre of a circular orbit for each
black hole as shown in the diagram.

Black hole A is in an orbit of radius 2.9 x 10'°m and black hole B is in an orbit of radius
3.6 x 10""m. Both orbit with the same period, so the total distance between them is
6.5 x 10" m,

GCE Physics 9PHO0 02



(a) Calculate the force between the black holes.

mass of Sun, M_ = 1.99 x 10" kg

mass of black hole A = SGMG

mass of black hole B = 29M@

(2)

= ADS| xwtPMN o

- L'Wﬁ'”‘l _ B-E?mg-“. (5{.1‘1- 2“:‘4)

FOrce = e

(b) By considering the orbit of one black hole about C, determine the period of the orbit.
(3)

) ) v
@F*‘ﬂ‘“ 2 A A wet

*"%-""56*\9"

Ul: A 25 ?<f04
(03 xto

=.5.027 x10%ms

2

LA 2202 xipt e

lus

Examiner Tip

Where a formula includes a squared
term, be sure to include the power of
(a) The power of two has been omitted 2 when substituting and when carrying
from the substituted formula and from out the calculation.

the calculation in this example.

The masses of the black holes have
been left as 36M and 29M rather than
the numerical values.. Where the mark
scheme allows marks for 'use of' a
formula, full substitution is required. 0
(b) The method is fully correct, using
the value from part (a), so the answer
is accepted using this error carried
forward. 3
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12 The diagram shows two black holes, A and B, orbiting each other.

Assume that the centre of mass C of the system is the centre of a circular orbit for each
black hole as shown in the diagram.
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Black hole A is in an orbit of radius 2.9 x 10'°m and black hole B is in an orbit of radius
3.6 x 10""m. Both orbit with the same period, so the total distance between them is
6.5 % 10"m

(a) Calculate the force between the black holes.

mass of Sun, M, = 1.99 x 10*kg
mass of black hole A = SGMO

mass of black hole B = 29M@
(2)

C‘._ GM, My

ch”;amam

Ny 29X, 9&1520) - 6 SSXlOE‘N
Force = .. 663}((0 N

(b) By considering the orbit of one black hole about C, determine the period of the orblt.

3)

-5' N
1 (‘7"""

"ﬁ"“ —
b bFK10 xléXl 99?“°H
('1 oy

<J\ﬁReSU|tSP|US o A489%10 55
Examiner Comments Period = &0 /G820 2

(a) This part is correct, with full substitution. 2

(b) This is an example of a candidate treating this as a

situation with a central mass rather than using the force

obtained in part (a). The method marks relating to circular

motion have been awarded, but the final value is not
consistent with the answer in (a). 2

GCE Physics 9PHO 02



Question 13 (a)

The great majority knew this definition, although there were some variations, such as ‘an
astral body of known luminosity’. Some referred to ‘constant luminosity’ which was not
accepted.

(a) State what is meant by a standard candle.

(1)
L TR Aok A @R Mohionon 00 daak R COM.
A
2/ ResultsPlus
Examiner Tip
This candidate seems to have read the If a question seems like one you
introductory line, about trigonometric remember from revision, do not just
parallax, and answered a different write that answer. Read the whole
question about that rather than the question carefully first.
question on the paper. 0
(a) State what is meant by a standard candle.
(1)

at Aistavce of objacks vghg bis

ResultsPlus

Examiner Comments

This candidate has made a statement
about what standard candles are used for
rather than what a standard candle is. 0
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Question 13 (b)

References to the small angle were usually seen, but, if there was any statement about
uncertainty, the reference to ‘percentage’ was rare.

(b) Explain why trigonometric parallax is not used beyond a certain distance.

seems bo Y
Beyand..a. certain. duttance. the.angle. thaxk. the. oG Anits ompored fo

bOCKground Stass i oD SnauLto. Masue Andthariore.  beteur -becstnes-roe har

be usec fo. MeASUIR AWML QWXL SHOUE,

<?/\ZResultsféﬁlus

Examiner Comments

This answer identifies the small angle
and also mentions that it affects
uncertainty, but does not refer to
relative uncertainty. 1

(b) Explain why trigonometric parallax is not used beyond a certain distance.

o v ditonat , the poccrolis So Gl
' P WW with ...

(2)

Examiner Comments
This is an example of a full mark

response, including the two relevant
linked points. 2
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Question 13 (c)

There was a problem with reading the whole question here as many candidates wrote out
the standard candle description even though the question asked for the method when the
distance was too large for standard candles. Those who correctly chose to describe the
method based on redshift did not always include all of the required detail, for example
referring to a shift but not stating how it was determined based on the difference in
wavelength measurements.

(c) Describe how distances too large for the use of standard candles can be determined.
(3)

.. Usmg Hueeles  constant . measunng.
reossional ey OF Ma ashonomical

daqeck, anad.. HUUQAQLQ&. wns.a-mrm

T/ZExammer Comments

This response deals with the third
part of the answer, using the Hubble
constant, well but lacks any detail

on how the recessional velocity is
determined. 1

(c) Describe how distances too large for the use of standard candles can be determined.
(3)

Mwwzwrqumrﬂcdbgmwmm

ot C'-Pw-f“h The MWG— h&tuﬁn thetwo and use. olepplo. erMAR calolale
oo Mse. Hubbke's Lowo.... V=Hool.. .. o= -}% Yo umﬁaﬁ—‘fﬂ olistano

ResultsPlus

Examiner Comments

This is a very good, full mark response.
The stages are set out in a logical order
and linked clearly and velocity and
distance are both made the subject of
the relevant formulae. 3
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Question 14 (a)

Candidates typically understood the difference between fission and fusion, the initial
relative size of the nuclei involved in each process and the part of the graph to which each
process applied, but they did not always include the detail required to gain all of the marks.
Common missing details were the change in nucleon number in the relevant process, such
as fusion resulting in nuclei of higher nucleon number, and the inclusion of ‘per nucleon’
with binding energy.

14 Nuclear fusion involves small nuclei joining to make larger nuclei. Nuclear fission involves
large nuclei splitting to become smaller nuclei. Both of these processes release energy.

(a) The graph shows how the binding energy per nucleon varies with nucleon number for
a range of isotopes.

M

binding energy per nucleon

nucleon number

Use the binding energy per nucleon curve to explain how fusion and fission both
release energy.
(3)

meﬂwﬂ; Gztl&yﬁ\}(rz ==t ffqu?fudemffowwgpé’eﬂecf
.eﬁ.aucleusr..igm..@fzﬁwhﬁ)”lf.!’lqcfgz.,(..dkjlnhnthqam).
Cavmwﬁﬁ\%fﬂhbwh\\se /< ?/;Jaffﬂude@n . )

%mass&lg xoduds. Qe Sme (er,%Bmassdtﬂ&fv%[ ________
be releowd d os enurgy ag OE=ONC,
F{)rﬁ%m, Wgr’a}plx,%%#@af\mvyﬂweu; ..............
[hecwr han Min) fan mCrose +hae bmalag &wgy per
nucleon oft of procuds , So st Sum f wusses of praluch
Mﬂ@% \«)170[\ wlll be released os mrgy f
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Examiner Comments

This response gets credit for linking the
increase in binding energy per nucleon
to energy released, but does not clearly
identify the change in nucleon number
for either fusion or fission. 1
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14 Nuclear fusion involves small nuclei joining to make larger nuclei. Nuclear fission involves
large nuclei splitting to become smaller nuclei. Both of these processes release energy.

@ e graph shows how the binding energy per nucleon varies with nucleon number for
a range of isotopes.

1\

binding energy per nucleon

nucleon number

Use the binding energy per nucleon curve to explain how fusion and fission both
release energy.

3
For fosion , omatt noder (snollic Yun Fe) combive. to. .
formalmwmdm ...... with o otokee bmd«n\(j 0oy per ..................
Nuchen so b has less  mass hefone, ......... ugdeh. whidh is.....
....... elosed. as  engy . for. e\&sm \mf,e, nuMCIWMmFe)
..... sphr to borm . omaller. nudm....wg....m.....hzghx binding  execqu

------ pec ol so. agquin. oMedy. s eloatred
(Fe hay s haw binding eneysy fer toclion o both Tissim
o kmon move lowds Fe)

<I:QZResults?@Ius

Examiner Comments

This is a good example of a full mark
answer. The change in nucleon number
is linked to the change in binding
energy per nucleon for both processes,
as is the release of energy. 3
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Question 14 (b)

While high temperature was almost universally mentioned, the partner quantity was often
pressure rather than density. This was accepted on this occasion for the first mark only.
High temperature was usually stated as necessary to overcome repulsive forces, but the
linking step of high energy was not always included. Candidates who only referred to
pressure could not be awarded the final mark. The connection between collision rate and
maintaining the reaction was infrequently made clear.

(b) Explain the conditions required to bring about and maintain nuclear fusion.
3)

© Veay high . dempeakves o overome e elechogalic. .
RN Metwtn  nuddei... (abu% e posihvely . e .
cmlrepet) )
\}eﬂhthdensnhb ensue. o sulbuenk  calisien

This answer shows a general understanding of the situation, but lacks
the required detail to fully answer the question, getting one mark

for identifying the conditions but nothing for explaining them. The
temperature condition needs an additional reference to high energies

of the nuclei and the density condition requires a link to maintaining the
reaction. 1
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(b) Explain the conditions required to bring about and maintain nuclear fusion.

3

CNWeae L Sasien Teguices. o W fempendice p
'ﬁm-f@l"@ ndes  Cpough  enepy  An  Bfeccoce

sl Sawguy e h w ooty aed presetc

esyges Ak H»end? olese ool #B raickis

a 'ﬁﬂ‘-\ ‘Q“Q"""L‘j “ﬂl F"‘r Veegs  the

| T te e Cobaul e process,
e d 4“:"" "“1‘1 elo%ﬁk -l-o (Total for Question 14 = 6 marks)

ResultsPlus

Examiner Comments

This example shows the additional
detail required to fully explain the
conditions. 3
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Question 15

This was the first of the new linkage questions including marks for structure and lines

of reasoning. The majority scored three or more, but almost exactly half scored exactly
three. The indicative content most commonly included was the description of the

situation at 0° and 90°, although the alignment of the planes of polarisation was not
always described correctly. The absorption of perpendicular components or transmission
of parallel components was generally satisfactory, fortunately not requiring the actual

term ‘component’. Candidates often think that all oscillations are only either parallel or
perpendicular to the polarising plane of the filter. The idea of components is rare. The term
‘polarise’ also seems to be used a sort of synonym for ‘absorb’.

%E:g %‘ri gkdﬁbc*t( g‘f::\htil‘iltgrs Em ir;t;nsi;yh (%foli%hl::rt“ m’]ﬁdé W, y the intensity varies as sh()(\;';l.

Ailkey 1 v
m‘rtn%ﬁ ffm vigation T Cilker
Pbcmui ? o fillex )
?\am, of polangadion of botha, Hazae olawsevs

@h,'ﬂ omd o Yho __“Po\,o«,m =N Gh*
Q \ WQY ujh \:HEY P uf\f\wi'

Ong oX D&aad So

"I

Questlon 15 6 marks)
ln betlween e eé’vc oli neol & Lmsseolf“‘m
e m’rﬁmﬁw s ééc W dohe aTed i\

Ao moans ?*rorﬂ _Io/?__ bew”‘*t O”\j

Cowme of e ol s ek

o Pars ua/\'\ Tmmuxbcf 2 .
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WXExaminer Comments

This response was credited with the inclusion three
indicative points, receiving two marks, and one
linkage mark, making a total of three marks.

The response notes the initial unpolarised state of
the light and the reduction in intensity, but does not
say how that is achieved.

The transmission with parallel planes is stated,

but the situation for the filter orientation of 90° is
described as crossed rather than saying the planes
are perpendicular or at 90°.

There is no mention of components in the
description of the intermediate stages. 3




Question 16

About a third of students worked right through the three linked sections successfully.
Overall, part (b) yielded the fewest marks.

In part (a), some students did not include enough significant figures in their answers for
upthrust and weight and then ended up with an answer of 0.02 N, which, not having more
significant figures than the ‘show that’ value quoted in the question, did not gain the final
mark. For part (b), candidates were required to show how they arrived at their answer,

but some simply applied density = mass/volume to arrive at a correct value but without
explanation. Most candidates were able to complete part (c) successfully, although some got
the inverse value.

16 A student is investigating a 'Cartesian diver’,

The diver is made from a plastic pipette. When placed in a plastic bottle full of water the
diver rises to the top and touches the lid.

(a) Show that the downward force of the lid on the diver is about 0.02N. . v, 3
.
volume of diver = 8.0 x 10 m? C‘I-’
mass of diver = 0.0059kg wxj

density of water = 1.0 x 10°kgm™
(3)

- (Bx10 D[ 1xi02) [9.81) = 00079 (F.8D)
DOXN B
._B‘ﬂ N@WhM 5. fH/HwL ]mN {'W‘Q wm]i' 2

Q’\ W"'l bwf D?Jﬂﬂut{,‘\(’wcf. -‘-’»CT“’)D ™ ‘H/\L "LM\/ {9\'7
‘l_’l/u?_, l"ﬂk- U"l’ D DI]\J

GCE Physics 9PHO 02

19



20

”,j\/Clxw’?)C"l 8”1) D 005G x9.8)

Ve S 9x b

(c) The pressure of the air in the empty pipette in part (a) was 1.01 x 10°Pa.

Calculate the pressure of the air in part (b).

A

(2)

(umwOﬁgﬂD%=FLéwaﬂ)

Pressure = " . ..7 . .........45} .

WXExaminer Comments

(a) The process is correct, but the significant figures in the data have not been used in

the working. The final answer is given as 0.02 N, the same as the approximate value in

the question. The final mark has not been awarded because the answer to a 'show that'
question is required to at least one more significant figure than given in the question. Here
thatis 0.021 N.

Note the small force diagram. Many candidates found such diagrams useful when
interpreting the situation.

(b) and (c) are fully correct responses.

(@)2,(b)3, ()2

N\
2/ ResultsPlus

Examiner Tip

Where a question asks you to 'show that' a quantity has a value given
to a certain number of significant figures, you are required to show full
working to derive an answer that rounds to the stated value but has at
least one more significant figure.
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(c) The pressure of the air in the empty pipette in part (a) was 1.01 x 10°Pa.
Calculate the pressure of the air in part (b).

(2)
F F
....... P’t*’ﬂ’&tﬁlfﬁ"w
v X : Fwpp-t :
................................................................................................................... FLmi808
R 141

g .1 rlb.k: ................................... I.%T){Ior ................................................................................ I PO SO

ResultsPlus

Examiner Comments

This is an example of a response fully
correct in all parts.
(@)3,(b) 3, (c) 2
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Question 17 (a)

This was the second linkage question with a similar majority scoring three or more. The
second observation tended to be explained better than the first observation, perhaps
because it was in terms of something that could happen rather than in terms of something
that could not. Candidates sometimes just said that normal light did not cause a change
because it was below the threshold frequency, without mentioning photons, whereas for
ultraviolet they mentioned that photons had energy greater than the work function and
caused photoemission.

Sometimes reference was made to E = hf, but without saying that this was photon
energy. Some simply said that there is a ‘one-to-one’ relationship between photons and
photoelectrons without further detail.

The final two points depended on a time reference, e.g. ‘per second’, for credit. Some
candidates were severely limited because they did not mention photons at all, meaning the
maximum available mark was one.

17 A coulombmeter is used to measure charge.

In a laboratory demonstration of the photoelectric effect, a sheet of zinc was placed on
top of a coulombmeter and the zinc was given a negative charge.

*(a) The following observations were made:

@ under normal lighting conditions the charge remained constant

® when the zinc was illuminated with ultraviolet light, the magnitude of the charge
on the zinc decreased as time passed

® when a larger sheet of zinc was used the charge on the zinc decreased more rapidly.

In each case the initial charge on the zinc was the same.

Explain these observations.

S E kP [jkfnj dots nst  provide evonal. wO'JJ
J:n e aMm o escapl . . Witrmsiolet | __31# s
WMSWf{oacme Siwse the . Cburgy. provided.. bj M

Phefon  dxene the werk fumition of 2unc ) Theedore fhe ol
o tve vime dewendts.. Whoan o U-"'JW 2wt Skeert ud Mul

(6)
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_esrons nll escapt. g.f\‘ the Sctume. . *M

T/zExammer Comments

This answer gets four of the indicative content
points for three marks and is awarded two marks for
linkage, structure and reasoning for a total of five.
The answer just states E = hf without saying that this
is the energy of a photon. In the reference to normal

lighting conditions the required reference to photons
is also missing. 5
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Question 17 (b)

The great majority were aware of one of the accepted methods, although some missed out
on the plotting method by suggesting plotting In (charge) against In (time) rather than just
time. Some others quoted the capacitor discharge equation in logarithmic form and said to
plot a graph of that equation but did not state the quantities for each axis.

For the plotting method, the straight line was usually mentioned, but not the negative
gradient.

The ‘half-life" method tended to get both marks more frequently, but sometimes lacked
detail about what was being measured. ‘Measure the half-life twice and see if it is constant’
does not describe what is required.

Candidates did not often support their suggestion by writing the capacitor discharge
equation.

(b) For one sheet of zinc, the charge at different times was measured.
The following graph was obtained.

N

charge
x

v

time
A student suggests that this is an exponential decay curve.

Explain how this suggestion could be tested.
3)

Mcusuf,?_mnsecuhmhajllamsbgmwwngm
hweelapwed uhen. chume. s C...and. He. hme. elupsed when
e i CL2 and heding B difeena in kime- Do dnis
______ ki mmllmmlﬁhv%m%me/wgs.mhr
(mea;curvea#be&vaPu&woauﬂdamman;s'j)
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ResultsPlus

Examiner Comments

This response uses the half life explanation satisfactorily but does not
include the exponential equation to justify it. 2

Examiner Tip

Explanations can often be supported by reference to the data,
formulae and relationships sheet.

\[—mpmu,sw{umﬁqmm . Q=ﬁa¢—wsp LANREI0Re - RE
. TM.WQSW;:?MLW SR Y ows . oael... Bt o xooneis.. Shouked. gpielel ...

as%&lumhﬁ@bdammm B B o T LR T WL L SO —

ResultsPlus

Examiner Comments

This response starts with the equation describing the situation
and then describes the required graph and the outcome that
determines whether the suggestion is true. 3
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Question 18 (a)

A great majority worked their way through the calculations successfully, including the
correct percentage, but slightly under a half of them stated the final conclusion correctly
including both percentages with a clear comparison.

18 Light entering a normal eye is refracted by both the cornea and the lens before a focused
image is formed on the retina.

cornea

retina

lens

(a) It is suggested that the cornea provides 80% of the focusing power of the eye.
Determine whether this is correct.
focal length of cornea = 2.23cm

focal length of lens for near object = 5.27cm

s @ 7 m)

| ‘*\H O
_3.35_ bo \\? 370 ?Du:a- %\3_\5— d—
| - e aan

_'\\‘c- \@.s. wﬁm \-:a '5‘b g Rower o000 e
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Examiner Comments

here is simply that of the cornea relative to the lens

because the quantities calculated are not the correct

for consistent answers. 1

The powers have been calculated correctly in dioptres,
but they have not been added. The percentage calculated

rather than relative to the whole system. The conclusion
has been given in the correct format, but gets no credit

quantities. Numerical errors would not preclude credit

P"‘VF ________________________ end. . FT Pt P

(o P" '/2. 23210757 4“? ‘5 prt‘w
dens: P=/saq0t < 1843 A 9.0 p

S0 PT 14+ 44-6 = 63-% b

ResultsPlus

Examiner Comments

This is a fully correct response
including a clear conclusion comparing
the relevant quantities. 4

PM
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Question 18 (b) (i)

A similar majority completed this calculation straightforwardly. A few had problems with
metres and centimetres, and some added fand u to get 4.0 cm and used this instead of u or
f. Candidates occasionally failed to find the reciprocal at the end.

v
(i) Calculate the distance from the point object to this single lens wh!‘.—n a focused image is
formed on the retina.

\ (2)

............... S _ __________fja_;_____._..‘f:_ﬁ_:.__..a.sn'afF.E.._.T__z‘.*ﬁmx/o"-h

The substitution has been completed fully and the difference
in the reciprocal values has been obtained correctly. The
candidate has forgotten that this is not u but 1/u and has not
found the reciprocal of this value. 1

A

Examiner Tip

Remember the final reciprocal in
situations such as those using the lens
formula or adding resistors in parallel.
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(i) Calculate the distance from the point object to this single lens when a focused image is
formed on the retina.

(2)

fooem FT

G 0l6

-' us -
Examiner Comments O

This candidate has arrived at a final
value for u, but has left it in fraction
form, so does not get credit for the
final answer. In physics, such fractional
answers are not accepted. They must
be given in decimal form. 1

Examiner Tip

You must not leave answers to
numerical questions in fractional form.

(i) Calculate the distance from the point object to this single lens when a focused image is
formed on the retina.
(2)
2 4 v 1. b
v

Distance = &8¢ .

A

Examiner Comments Examiner Tip

us

This answer has been calculated throughout in In questions with mixed quantities, be
centimetres rather than metres but, as that is the only sure to convert all values to standard
quantity involved, the answer arrived at is correct. 2 Sl base units or derived units, e.g.
convert mm to m, g to kg etc.
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Question 18 (b) (ii)

This was also answered well, with full marks going to nearly three quarters of candidates.
Those who got no marks had usually used the values for speed of light as values of n in the

equation.

(11) A ray of light strikes the front of the cornea at an angle to the normal in air of 15°,

Calculate the angle of the ray to the normal in the cornea.
speed of light in air = 3.00 x 10* ms™'

speed of light in cornea = 2.18 x 10* ms™’

n'.gll"‘g‘ . {\‘_ SII'-'\ (91_

"’j';da"ﬁl;ﬁ"x SalT = Lgx107 sin O,
. . ) (}." ! p
{00 Ki X .)';:.' . r}| &x
Z‘{gﬂfo e . .

zoq"-—-@ ,):_,;,;1(.

1

Angle to normal in cornea =

J ResultsPlus

Examiner Comments

This response shows the use of the speed of light
in each medium in place of n. To use the speeds
of light directly they should have been applied
the other way round. 0

GCE Physics 9PHO 02
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.3 _x...tos___.__ iso

2.13%08 1oq

P

Angle to normal in cornea = S 5 B

A number of candidates arrived at an answer correct
to 2 significant figures by this incorrect method. The
angles were used instead of their sines. Because the
angles are small, the ratio of the angles is almost

the same as the ratio of their sines. A mark was still
awarded for determination of the refractive index. 1
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vZExammer Comments Pa)

Question 18 (c)

Marks were less common here, the most frequent being for a suggestion that the light
would focus normally with a layer of air or that there was less refraction with water.
After calculating the angle of refraction with water and finding it larger, some incorrectly
interpreted this as more refraction rather than less.

Reference to the relative differences in speeds of light was not often seen.

(¢) People swimming under water often wear goggles. The goggles enable them to see
objects under water clearly whereas without goggles objects appear blurred.

Explain why wearing goggles has this effect.

speed of light in water = 2.25 x 10°ms™

2.5 x ¥ 3
2.l& x o8 = ].0%

W o, . 50 doe Ui doeen s kenel  oas mwths, 60t

Mmmehromdmwm\asad‘gf%awcvbw

This is a fairly good description of the situation, although
it is only awarded one of the three marks. While the
refractive index has been determined for water to
cornea, it has not been compared to the refractive index
for air to cornea. The final sentence states that light
'bends' towards your retina without stating that light
focuses on the retina. 1

OO ResultsPlus

Examiner Tip

Avoid the word 'bend' when
describing wave phenomena such
as refraction and diffraction.
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Question 19 (a)

Most got this correct. Errors seen included using A and Z for a neutron or an alpha
particle, reversing A and Z for the beta particle or using A and Z for a positron. Candidates
occasionally included a neutrino, but this was not required.

(a) Potassium-40 undergoes - decay, producing a stable isotope of calcium.

Complete the nuclear equation for this decay.

40 € 4
19K — n.‘:.Ca t .Z.B

(2)

ResultsPlus

Examiner Comments

This is a rare incorrect response. A and Z for an
alpha particle have been applied.
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Question 19 (b) (i) - (iii)

Part (i) was successfully completed by most students, although some omitted the
percentage quoted earlier.

Part (ii) also caused few difficulties, the most common error being to leave the half-life in
years.

In part (iii), many candidates got only a single mark for calculating a corrected count rate,
although some did not distinguish between one minute for background and ten minutes
for the count. Some determined the corrected count for one minute and calculated this as
a percentage of the count for ten minutes, ignoring the value in part (ii). Some compared
the count rate of 2.6 per minute with 5 Bg, and there were other variations of mixed times.
Many arrived at corresponding values for counts and activity but did not make a clear
statement including both values.

(1) The potassium chloride sample has a mass of 300mg. |
Show that the number of nuclei of potassium-40 in the sample is about 3 x 10",

number of potassium nuclei in 1 g of potassium chloride = 8.1 x 10
(2)

= €. (xp o
_M( R T B

(ii) Show that the activity of this sample 1s about 5 Bq. 27’

half-life of potassium-40 = 1.25 x 107 years
(3)

GCE Physics 9PHO 02
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(iii) With no sample in front of the Geiger-Miiller tube, a count rate of |5 counts per

minute is recorded. When the potassium chloride test sample is placed next to the

Geiger-Miiller tube 176 counts are recorded in a period of 10 minutes.

13. 6 g )\w.w.f

A detector is considered efficient if it detects at least 7.5% of beta emissions from
the source,

Determine whether this Geiger-Miiller tube can be considered efficient.
(3)

CVResS = 9cgy
e l‘gms'él/
Mo g Mk Wa 0 et #2720 F85F

Examiner Comments

<iZResults’F’lus

(i) This has not been set out brilliantly for a 'show that' question, but it
can be followed sufficiently well to award both marks. 2

(ii) The candidate has used the correct steps in the method, but has been
surprised by the incorrect answer. This is because the half-life has been
left in years. For a rate in Bg, the half-life must be in seconds. 2

(iii) There is a similar lack of clarity over time in this part. The corrected
count rate has been determined in counts per minute but stated in Bq,
i.e. stated in counts per second. The rate has been compared with the
'show that' value from (ii), so credit is given for that. 2
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Question 19 (b) (iv)

In part (iv), although the sample was described as being placed next to the G-M tube, many
thought that absorption by air was a major factor in the low proportion of decays detected.
They were probably not thinking of decays as such but of beta particles leaving the source in
the direction of the detector.

(iv) Explain a possible reason why only a low proportion of the decays are detected.
(2)

MME&

s Méfﬂ-gl. oJ& Ala s Poressiva =~

o wv) ,Qr?: 150 Hak  an met.  rwck.. ﬂ&mo} Jﬂa.ﬂ:hv:j
‘f" A b dekeckdl. -

<@Zl?esults?@’lus

Examiner Comments

This response appears to miss the significance of
the word "proportion’, referring only to a low count
rate and answering a different question. 0

(iv) Explain a possible reason why only a low proportion of the decays are detected.

ResultsPlus

Examiner Comments

The question states that the source is next to the G-M
tube, but the response suggests that there is a significant
separation, answering the question for a different situation. 0
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Question 19 (c)

Candidates did not often realise the significance of the half-life here. While many linked it
to the decay rate, this was often in terms of safety factors or uncertainty in measurements.
They did not appreciate that the activity could be determined by the quantity used in any
case. Some answers were ambiguous, referring to ‘it and not distinguishing between the
sources.

(c) The science department also has a sample of strontium-90. This undergoes beta
decay with a half-life of 29 years.

State why the half-life of potassium-40 makes the potassium chloride a more suitable
material than strontium-90 for the test.

(e — (1)
U has o e Cosac haff- G 5 o Loere ackirly.
whid.  woeuld b2 mere  dargeren g :

ResultsPlus

Examiner Comments

Here, the reference to 'it' is ambiguous when there are two
isotopes in the question. The suggestion is based on safety which
is not the relevant point for this question. 1

LThe acainhy od o sawmple. ot porassiom AQ sty coasveant

orlonege meneres  ad  rua osiurly 04 shondium =4O il
ohener

dosresat s NS L houdox. e kasw sanerher. e (oMo fube

AR MWMWaWu.n*Hb% OSSOV .

ResultsPlus
Examiner Comments

This gets credit for constant activity, clearly referring to potassium. 1
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Question 20 (a)

Most candidates applied the appropriate formulae in the correct way, but not all could
determine the period from the graph.

20 In 2016 scientists at the Laser Interferometer Gravitational-Wave Observatory (LIGO)
announced that gravitational waves had been detected.

The signal they detected is shown on the graph.

=
[
|
—

L
(=3

‘- 1
i-- —

0.30 0.35 0.40 0.45
time / s

(a) Gravitational waves travel at the speed of light.
Determine the mean wavelength of the waves detected between 0.30s and 0.35s on

the graph.

..................................................................................................................................................................................................................................................

Examiner Comments

<@Zl?esultsﬁlus

A correct method has been applied but the wrong time has
been substituted, possibly by reading 0.35 from the graph

and not noticing that the lowest given value is not 0.00. While When using graphs, read the
a calculation based on s = vt would not be accepted, here it is scale values on either side of the
clear that T refers to the period as it follows from 1/f. 2 point of interest to ensure you

are using the scale correctly.
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Examiner Comments
This is a fully correct response. 3
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Question 20 (b) (i)

The majority used the strain equation to arrive at a correct value, either of the maximum
change in length or the strain required for a change in length of a thousandth of a proton’s
diameter. About a third got the full three marks by including the values, with an explicit
comparison, in a clear concluding statement.

(b) Gravitational waves alternately compress and stretch matter by very small amounts as
they pass through.

The LIGO detector has two arms, at 90° to each other, each 4km long. As a
gravitational wave passes the detector, the arms change length. The detector
continuously compares the lengths of the two arms.

arm 1

arm 2

(i) An article states that ‘the maximum change in the 4 km length of the arm is about
0.001 times the diameter of a proton’.

Determine whether this statement applies to the gravitational wave shown in the
graph.

diameter of proton = 8.8 x 10"°m

(3)
E* é—»-l**ax‘fx
b
axs (12x107 W x10') ¢ 4 gxi07'" = ug X0

No i3S RGY correck,

ResultsPlus

Examiner Comments

This is a fully correct method and includes a concluding
statement, but the two values must be included in the
statement and a comparison made. 2
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This is a fully correct method and includes a concluding
statement. The conclusion does not include any values,
however. It also refers to the range of strains on the
graph whereas the question refers to maximum change. 2
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Question 20 (b) (ii)

Most candidates demonstrated that they had made the connection with interference of
light, probably because of the reference to path difference in the question. The level of
detail in their application of that concept to this context varied. Of the three standard linked
points - path difference, phase difference, amplitude - the majority missed at least one,
most commonly phase difference. A good proportion made the final connection between
detection and path difference changes.

(ii) In the LIGO detector, any change in the lengths of the arms is detected using a
laser beam and photodetector.

mirror
Y
arm |
arm 2
laser mirror
X
photodetector

The laser beam is split into two at B, one beam travelling to one mirror and the
other beam travelling to the other mirror. After reflection at the mirrors,

the beams are recombined at B and reach the photodetector. The photodetector
measures the intensity of the incident light.

The system is arranged so that when no gravitational waves are present, the
beams have a path difference of half a wavelength at the photodetector.

Explain how the photodetector detects very small changes in the length of
one arm, when the other arm stays the same length.

)
......‘...L:cak’r Jl'mvelhn_c;.&:mm ....... sawe.soute,. go.so. g i Ahe same.
B v 7 when R freqlected Lt o
......... g&da,.._._...mtrrot mb(*njwpumpose /?— fka&t: dwm&
_eans. e maximes nnewqu-p-cmhs\mqf
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This response demonstrates a general understanding of the situation,
but lacks specific detail and shows imprecise use of technical
vocabulary. A mark is awarded for zero amplitude only. Phase
difference is referred to in terms of wavelengths, which should be
path difference. 'Superimpose' is used instead of 'superpose' and it is
not identified as destructive interference, just described as maxima
meets minima, which is not correct. The last mark requires a correct
reference to a change in path difference or phase difference, but this
answer mixes phase and path difference. 1

A

Examiner Tip

Remember that phase difference is expressed as an angle and path
difference is expressed in terms of distance or wavelengths.
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Examiner Comments

This is a full mark response which
demonstrates very good application of
knowledge and understanding. 4
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Question 20 (b) (iii)

Candidates often found this part difficult to explain, even when their answers hinted at

some comprehension. While a good number managed to express the idea that a change
from nothing to something would be ‘easier’ to detect, there were few mentions of relative

uncertainty. Some got the situations for half wavelength and zero wavelength path
difference mixed up, and very few mentioned maximum intensity.

(iii) The system could be arranged so that when no gravitational waves are present,
the beams have zero path difference at the photodetector.

Explain whether using an initial path difference of half a wavelength is a more
sensitive way of detecting changes in length than having an initial path difference
of zero.

Xy lt.cﬂ-vn.. ‘pf»q,m w-y(l)‘ ‘l‘L«... L e w-a..’Le...n JLb
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<iZResults?F'lus

Examiner Comments

This demonstrates a general understanding but
not quite the required level of detail. For example,
'maximum intensity' would have been needed
rather than 'large intensity'. 1
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While this does not refer to percentage uncertainties,
it does have sufficient detail to be awarded both
marks, referring to maximum intensity and making a
comparison between the two situations. 2
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Paper Summary

Based on their performance on this paper, candidates are offered the following advice:

For multiple choice questions, only the final answer will be marked. Do use the space
available on the paper to work out your answer rather than risk doing it in your head.

Be sure you know the command words and understand the level of required response
for each of them, e.g. explain would mean a candidate must say why something
happens and not just describe what happens. There will always be at least two linked
marking points for a question asking you to ‘explain’.

Where you are asked to make a judgement or come to a conclusion by command words
such as ‘determine whether’, you must make a clear statement, including any values
being compared.

Check that quantitative answers represent sensible values and to go back over
calculations when they do not.

Learn standard descriptions of physical processes, such as the photoelectric effect
and interference, and be able apply them with sufficient detail to specific situations,
identifying the parts of the general explanation required to answer the particular
guestion.

In questions with mixed quantities, be sure to convert all values to standard Sl base
units or derived units, e.g. convert mm to m, g to kg, kW to W etc.

Be sure to know the standard Sl prefixes and be able to apply the correct power of ten.

Explanations can often be supported by reference to formulae on the data, formulae
and relationships sheet.

Physical quantities have a magnitude and a unit and both must be given in answers to
numerical questions.

When describing the effects of forces, a simple force diagram can help to understand
the situation.
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Grade Boundaries

Grade boundaries for this, and all other papers, can be found on the website on this
link:

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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